Abstract This study examined the associations of dietary glycemic index and glycemic load with glucose intolerance in Iranian adults. The study had a cross-sectional design and was performed as a secondary analysis on data obtained from the Isfahan Healthy Heart Program (2000Program ( -2001. Data on food intake using a 24-hour recall and blood parameters of a subsample of 960 adults age ≥19 years were used (436 Men, 524 Women; age: 38.2±15.4 year). We identified a positive significant association of fasting and postprandial blood glucose (P <0.001), body mass index (P <0.001), and age (P < 0.001) with diabetes mellitus, but found no statistically significant associations of dietary glycemic index and glycemic load with diabetes mellitus after adjusting for body mass index, age, gender, and smoking as confounding factors. We concluded that a low glycemic index diet is not associated with the prevalence of glucose intolerance in our sample.
Introduction
Diabetes mellitus (DM) is a global public health problem associated with complications such as retinopathy, neuropathy, cardiovascular disease, stroke, and kidney disease [1] . Type 2 DM is by far the most common type attributing to 90-95 % of all DM cases [2] . It has an increasing prevalence worldwide [3] , and is likewise increasing in Iran [4] with individuals having DM more than 1.5 million. In general, higher rates of DM have been documented in urban areas [5] with change lifestyle and diet being the major contributors [6] .
DM has long been viewed as a disorder of carbohydrate metabolism due to its feature of hyperglycemia [7] . Despite the public health significance of DM, relatively little is understood about the role of diet in the development of the disease [7] . The component of the diet with the greatest influence on blood glucose is the carbohydrate content. Blood glucose concentration following a meal is determined by the rate of appearance of glucose into the blood stream and its clearance or disappearance from the circulation [8] . Regulation of blood glucose to near-normal levels is a primary goal in the management of DM and thus dietary approaches that limit hyperglycemia following a meal are important [9] . The quality of carbohydrates has received particular interest, as it can influence the digestion rate and thus the blood glucose response [10] . The glycemic response varies substantially between different foods which is not explainable by glucose chain length [11] . One way of quantifying this variation in response to dietary carbohydrate is Glycemic Index (GI), as proposed by Jenkins et al. [12] . Because the amount of carbohydrate in a food or overall diet can vary, the concept of Glycemic Load (GL) or the amount of carbohydrate multiplied by its GI was developed [13] . The associations of GI and GL with DM were examined in previous studies but the results are inconsistent. In two large cohort studies, dietary GI assessed at baseline was significantly associated with an increased risk of DM after adjusting for several risk factors during 4 and 6 years of follow-up [11, 14] . However, a study of older women (in Iowa) who were initially free of DM reported no associations of GI and GL with DM during 6 years of follow-up [15] . The present study was a secondary analysis [16] on the data obtained from the IHHP program [17] . We aimed to examine, cross-sectionally, the associations of dietary GI and GL with glucose intolerance (Impaired glucose tolerance and DM) among adults age ≥19 years in an Iranian population.
Methods

Study design and sampling
The Isfahan Healthy Heart Program (IHHP) was developed as a 5 to 6 year comprehensive integrated community-based program for cardiovascular disease prevention and control via reducing cardiovascular disease risk factors and improvement of healthy behavior. It was launched in l999 and a crosssectional baseline survey was conducted in 2000-2001. Two intervention counties (Isfahan and Najaf -Abad) and one reference county (Arak), all located in the central part of Iran, were selected. The cross-sectional baseline survey of 12,600 randomly selected adults aged ≥19 years was conducted in the intervention and reference areas with a two-stage cluster sampling design [17] . The design and sampling of the program are described in detail elsewhere [17] . The subjects were studied for demographic background, health knowledge and behavior related to risk factors for cardiovascular disease. From this sample, a randomly selected subsample of 1,000 adults aged ≥19 years in each of the intervention and reference areas and from urban population was included in the cross-sectional survey. A 24-hour dietary recall questionnaire was used to estimate the dietary intake and blood measurements were taken from all the subjects in the subsample. After excluding all the under-and over-reporting of dietary intake, a final sample size of N =960 adults age ≥19 years was retained for our analysis and included the urban population of both intervention and reference areas.
Data collection and measurements
Height was measured without shoes to the nearest centimeter using a secured metal ruler while weight was measured in light clothing using a calibrated scale [17] . Body mass index (BMI) was computed as weight (kg) / height 2 (m) [17] . We defined participants as underweight or normal when BMI< 25 kg.m −2 , and overweight or obese when BMI≥25 kg.m −2 [18] . We used the classification of Merck [19] for blood glucose level [mg / dl (mmol / l)] from which normal glucose levels were <110 (<6.1) and <140 (<7.7) for fasting plasma glucose and oral glucose tolerance test (2 h) respectively. Impaired glucose tolerance (IGT) was considered if fasting plasma glucose was ≥110 (≥6.1) and <126 (< 7) and oral glucose tolerance test was ≥140 (≥7.8) and <200 (<11.1). DM was diagnosed if fasting plasma glucose and oral glucose tolerance test were ≥126 (≥7) and ≥200 (≥11.1) respectively.
Blood parameters
Participants were asked to fast for 12 h prior to the examinations and to bring all medical records, prescriptions and nonprescribed drugs that they used regularly. A 2-hour post load plasma glucose test was done in all participants except in those with DM. After an initial venous blood sample in the fasting state, participants drank glucose solution in under 5 min. A second blood sample was taken 2 h later. All blood samples were collected from each center in the three cities and immediately frozen at −20°C until assayed within 72 h at the central laboratory of the Isfahan cardiovascular research center in which reference samples were created at the beginning of the study and included in each day's analysis to check laboratory variation [17] .
Carbohydrate intake A 24-hour recall was used to assess the dietary food intake of the participants in each of the intervention and reference areas. Total energy and total carbohydrates were examined by analyzing complex foods and using food composition tables [17] . We calculated GI and GL values as described by Meyer et al. [15] . The average dietary GI for each individual was calculated as {∑ [(Servings of food per day) × (carbohydrate content of food) × (GI)]}/ Total carbohydrate in the diet. Similarly, a GL score was obtained for each individual as ∑ [(Servings of food per day) × (carbohydrate content of food) × (GI)]. Servings of food per day were calculated based on the servings of different foods [20] and home measurements, conversion coefficients and edible percentage of food [21] . GI of individual foods was taken from the GI of Iranian foods by Taleban and Esmaieli [22] or foreign references for unrecorded ones [23] . Carbohydrate content of food was calculated using the food composition table complied and translated by Mouahedi and Roosta [24] .
Ethical approval
This study was approved by Research Council of Isfahan Cardiovascular Research Center, Isfahan University of Medical Sciences, and from each participant informed consent was obtained.
Data analysis
Dietary GI and GL were examined in relation to several metabolic risk factors i.e. BMI, fasting blood glucose, and postprandial blood glucose. We aimed to include all adults in the analysis. As DM develops with age however, we carried out a sensitivity analysis and verified if we obtained similar findings for participants older than 30 years of age. The mean (±SD) values for these metabolic factors were calculated according to quintiles of dietary GI and GL after adjusting for total energy intake. For normally distributed data, differences across categories of intake were tested using analysis of variance (ANOVA) and a post-hoc Sheffé test. When data showed severe departure from normality, a Kruskall-Wallis test was used. A Chi square test was used to test associations of categorical data. The odd ratios (ORs) were calculated using logistic regression with adjusting for potential confounding factors: BMI, sex, age, energy and smoking. Stata (version 7, Stata Corp, College Station, Texas) was used for data analysis and all tests were carried out with a 5 % significance level.
Results
The baseline characteristics of subjects (N =960) were examined. The mean age of the subjects was 38.2±15.4 years. At the baseline 2.9 % (N =12) of male and 2.8 % (N =14) of female subjects were identified as individuals with DM. Subjects with IGT were found in 3.2 % (N =13) and 5.4 % (N = 21) of the male and female subjects respectively. Also 94 % (N =384) of male subjects and 92 % (N =461) of female subjects were identified as individuals with normal glucose tolerance.
The percentages of male and female subjects were 45.4 % (N =436) and 54.6 % (N =524) respectively. The baseline energy intake of men was not significantly different from women (P =0.15). There was also no significant difference for carbohydrate intake between two sexes (P =0.32). Men had a significantly higher mean GI and GL compared to women (P <0.001). For female subjects, the baseline BMI was significantly higher compared to the males (P <0.001).
Energy intake and total carbohydrate intake were not significantly different between two categories of BMI (Table 1) . Underweight or normal subjects had a higher mean of GI and GL compared to overweight or obese subjects and this difference was statistically significant (P <0.05).
As shown in Table 2 , we identified statistically significant differences of fasting blood glucose and postprandial blood glucose in normal, IGT and DM groups (P <0.001). The results of energy adjusted GI and GL were not significantly different between normal, IGT, and DM subjects (both P = 0.30). We observed a significant difference for BMI in the three groups (P <0.001), which was only noticed between subjects with DM and normal subjects (P <0.001). The glucose intolerance increased positively (P <0.001) with age. Prevalence of smoking and reported family history of DM was similar between normal, IGT and DM subjects (P =0.42 and P =0.58 respectively). Similarly, an examination of energy intake and energy from carbohydrates indicated no significant difference between glucose intolerant (IGT and DM) and normal subjects (P =0.93 and P =0.07, respectively).
To examine the association between dietary and nondietary risk factors of DM, differences were examined across the quintiles of energy adjusted GI (Table 3 ). There was no significant difference of fasting blood glucose across the quintiles of energy adjusted GI. Postprandial blood glucose was significantly different among quintiles of GI but the trend was not clear. Significant differences were noticed for BMI and age over the quintiles of energy adjusted GI. On the other hand, younger and underweight or normal subjects had higher GI compared to their peers.
Other confounding factors such as smoking and family history of DM also were examined. Smokers had a higher GI (P =0.001), but there was no significant difference for family history of DM across the quintiles of energy adjusted GI. Energy intake decreased significantly between quintiles of GI (P <0.001).
In Table 4 , quintiles of energy adjusted GL were compared. No significant difference was found for fasting blood glucose across the quintiles of energy adjusted GL. Except for the first quintile, the evaluation of postprandial blood glucose showed a significant decrease across the quintiles. Similarly to GI, younger and underweight or normal subjects had a higher GL (P <0.001 and P =0.0014 respectively). The results showed higher GL for smokers (P =0.012) but there was no significant difference for family history of DM across the quintiles. Energy examination resulted in no significant difference among the quintiles of GL in this study. After adjusting for confounders (BMI, sex, energy, smoking, and family history of DM), participants with IGT and DM had a similar likelihood of achieving elevated levels of GI and GL compared with normal subjects.
We examined the OR for subjects having IGT compared to normal subjects exposed to elevated level of GI and GL, adjusted for BMI, sex, energy, smoking, and family history of DM as possible confounding factors. The probability of having IGT did not differ (OR=0.99) and subjects with higher GI and GL had a similar likelihood of having DM (OR=0.98, 0.99 respectively) compared to normal individuals.
A higher total carbohydrate intake was associated with similar probabilities of having IGT and DM compared to normal subjects (OR=0.99 and 1.01 respectively). The likelihood of having DM was not associated with higher GI and GL for subjects with IGT. In addition, subjects exposed to an elevated level of GI and GL had a similar likelihood of having DM and IGT compared to normal individuals. 59.8 % (N =574) of the participants was older than 30 years of age. Prevalence of IGT was 2.5 % in the sample under 30 years of age and 4.7 % in those older. A total of 4.8 % of the subjects over age 30 had DM and there were no individuals with DM under 30 years of age. Similar associations of dietary and non-dietary risk factors were found between both age groups and the analysis with both participants under age 30 and those over age 30 returned similar results to that of the overall sample (data not shown). Table 3 Baseline characteristics of subjects by quintiles of energy adjusted glycemic index 
Discussion
The hypothesis of the present study was that a higher dietary GI or GL is associated with higher risk of IGT and DM in both men and women. Consistent with the results of Meyer et al. [15] , this cross-sectional study indicated no significant association between dietary GI and GL with IGT and DM. However, there are studies in which this association, was observed particularly for DM [11, 14] . Our findings also indicated no appreciable relation between dietary GI and GL with fasting blood glucose. These results are supported by the prospective study of Van Dam et al. [25] who examined dietary GI in relation to metabolic risk factors. The authors reported that GI was not associated with blood concentrations of fasting or post load glucose. This is in contrast with previous studies [26, 27] that reported a low GI diet to induce a decrease in fasting plasma glucose and documented a positive association of GL with fasting plasma glucose. We also found an inverse association between quintiles of energy-adjusted GI and GL with postprandial blood glucose. In contrast with our finding, there is strong evidence that a low GI diet has the potential to lower postprandial glucose and insulin responses. A meta-analysis of randomized controlled trials identified many studies reporting an improved overall glycemic control [28] . Regarding the inverse relation of GI and GL observed in the present study, a possible explanation is that chronic use of slowly digested foods with a low GI may reduce gastric inhibitory polypeptides secretion from the gut in response to food. It results in a decreased insulin secretion and high glucose output postprandially [28] . With few exceptions, high dietary GL is associated with a lower BMI, even when adjusted for total energy intake. Data on the association between GI and BMI are not consistent, with more studies showing no association or an inverse relationship, rather than a positive relationship [29] . This is in agreement with our results indicating inverse associations of dietary GI and GL with BMI. In contrast, the cross-sectional study of Murakami et al. [27] investigated the associations between dietary GI and GL and several metabolic risk factors in healthy Japanese women with traditional dietary habits. After adjustment for potential confounding variables, dietary GI was significantly positively correlated with BMI.
As body weight increases, glucose intolerance and the propensity to develop DM increases [30] . In this study we also report a significant association of BMI with IGT and DM. Similar to our findings, the results of cohort studies do not support an association between DM and total dietary carbohydrate [15] .
In our study both fasting blood glucose and postprandial blood glucose showed a strong association with IGT and DM whereas only postprandial blood glucose was inversely affected by values of dietary GL. We concluded that dietary GI and GL are not associated with IGT and DM or with postprandial or fasting blood glucose.
The present study has several limitations. Physical activity, an important factor affecting glucose tolerance and DM and a strong predictor of reduced DM risk in epidemiologic studies [31] was not assessed. We used 1 d 24-hour recall to estimate nutrient intake of the subjects [32] . The precision of this method to estimate actual dietary intake has been questioned in some studies [33] . In addition, this study was crosssectional and the associations observed do not allow inferring causality [34] . Finally, although having adjusted for the most important factors associated with DM, the observed relationships between GI and GL with IGT and DM may be affected by a number of undetermined characteristics of subjects.
In summary, an association of BMI on the prevalence of IGT and DM was found, but no associations of dietary GI and GL were observed. These findings hence do not support the hypothesis that food high in GI or GL lead to higher risk of IGT and DM, whereas overweight or obese individuals are more likely to develop IGT and DM. 
